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Introduction: Aortic valve calcification (AVC), even without haemodynamic signifi- 
cance, may be prognostically import as an expression of generalized atherosclero- 
sis, but techniques for echocardiographic assessment are essentially unexplored. 
Methods: Two-dimensional (2D) echocardiographic recordings (Philips IE33) of the 
aortic valve in short-axis and long-axis views were performed in 185 consecutive 
patients within 1 week before surgery for aortic stenosis (n = 109, AS), aortic 
regurgitation (n = 6 1 , AR) , their combination (n = 8) or dilation of the ascend- 
ing aorta (n = 7). The grey scale mean (GSMn) of the aortic valve in an end- 
diastolic short-axis still frame was measured. The same frame was scored visually 
1—5 as indicating that the aortic valve was normal, thick, or had mild, moderate 
or severe calcification. The visual echodensity of each leaflet was determined real 
time applying the same 5-grade scoring system for each leaflet, and the average 
for the whole valve was calculated. Finally, a similar calcification score for the 
whole valve based on inspection and palpation by the surgeon was noted. 
Results: Visual assessment of real-time images using the proposed scoring system 
showed better correlation with the surgical evaluation of the degree of valve calci- 
fication (r = 0-83, P<0-001) compared to evaluation of stop frames by visual 
assessment (r = 0-66, P<0-001) or the GSMn score (r = 0-64, P<0-001). High 
inter- and intra-observer correlations were observed for real-time visual score 
(both intraclass correlation coefficient = 0-93). 

Conclusion: Real-time evaluation of the level of AVC is superior to using stop 
frames assessed either visually or by dedicated computer grey scale measurement 
software. 



Introduction 

Aortic valve calcification/ sclerosis (AVC) has been considered 
a natural degenerative consequence of ageing. However, its 
risk factors (including old age, male gender, hypertension, 
elevated lipoprotein levels, smoking and diabetes mellitus) 
and histopathological features (lipoprotein deposition, chronic 
inflammatory reaction and activation of calcification cascade) 
are similar to a generalized atherosclerosis process (Mohler 
et al., 1991; Lindroos et al., 1994; Otto et al., 1994; Stewart 
et al., 1997; Agmon et al., 2001). Although AVC is often asso- 
ciated with aortic stenosis (AS), it may exist without stenosis 
and is then echocardiographically defined as focal areas of 
increased echogenicity and thickening of aortic valve leaflets 
without restriction of leaflet motion (Otto, 2004). The preva- 
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lence of AVC without significant AS is 20-30% in patients 
over 65 years of age (Stewart et al., 1997; Otto et al., 1999), 
reaching 48-57% at the age of 80 (Lindroos et al., 1994; 
Stewart et al., 1997). The degree of AVC predicts the progres- 
sion of asymptomatic AS (Rosenhek et al., 2004). Further- 
more, AVC has been found to be a strong predictor of 
cardiovascular morbidity and mortality in the general popula- 
tion, with approximately 50% increase in the risk of cardio- 
vascular death and myocardial infarction (Otto et al., 1999). 
AVC may also predict coronary artery disease (CAD) to a 
greater extent than gender, hypertension, family history and 
hypercholesterolaemia (Acarturk et al., 2003) and has been 
demonstrated to be associated with a higher prevalence of left 
ventricular (LV) hypertrophy, ventricular arrhythmias, myo- 
cardial infarction and systolic heart failure (Palmiero et al., 
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2007). The calcific degenerative process that is present in mild 
and moderate AS is associated with increased mortality (Otto 
et al., 1999; Wilson et al., 2001; Rosenhek et al., 2004). With 
the increasing awareness of the predictive power of AVC, 
reliable non-invasive methods allowing quantitative assessment 
of its severity are needed. 

Echocardiography is the most commonly used imaging 
technique for the assessment of AVC. However, current visual 
assessment of calcifications from the ultrasonic images is sub- 
jective, largely depending on the expertise of the examiner 
and vulnerable to inter- and intra-observer variability, espe- 
cially when a well-defined and validated scoring system is 
lacking (Poggianti et al., 2003; Messika-Zeitoun et al., 2004; 
Palmiero et al., 2007; Zapolski et al., 2008). 

Quantitative analysis of vascular plaque morphology and 
content using a dedicated grey scale measurement software 
has shown promising results (Griffin et al., 2007; Prahl et al., 
2010). In AVC evaluation, limited initial attempts have been 
made using acoustic densitometry (Sgorbini et al., 2004). 

The present echocardiographic study aimed at establishing 
an AVC scoring system to improve reproducibility and reli- 
ability of the echocardiographic assessment of AVC. The study 
was also designed to compare visual assessment and com- 
puter-based grey scale determination of AVC by ultrasound, to 
scoring by inspection and palpation at valve replacement. 

Methods 

One hundred eighty-five patients (5 7 women) participated in 
this study. All patients were accepted for aortic valve and/ or 
aortic root surgery within a prospective single centre study 
(Advanced Study of Aortic Pathology), which is performed at 
the Karolinska University Hospital, Stockholm, Sweden. AS 
was the dominant aortic valve lesion in 109 (59%) patients, 
aortic regurgitation (AR) in 61 (33%), combined AS and AR 
in 8 (4%), and ascending aorta aneurysm without significant 
valvular pathology in 7 (4%) patients. Significant CAD, 
defined as >50% lesion in any large or medium size coronary 
artery, was excluded by diagnostic coronary angiography in 
all patients. 

The local ethics committee approved the study protocol, 
and all patients gave their informed consent to participate. 

All patients underwent comprehensive transthoracic echocar- 
diography (TTE) using a Philips IE33 ultrasound scanner with 
S5-1 transducer (1-5 MHz) (Philips Healthcare, Best, the Neth- 
erlands). Aortic valve morphology and function were assessed 
by an experienced echocardiographer. Studies were performed 
within 1 week of surgery, and all images were stored digitally 
for offline analysis. We did not exclude any patient because of 
poor image quality. 

Computer software developed for atherosclerotic plaque 
analysis (Artery Measurement System, AMS) in collaboration 
between the Physiology Group at the Wallenberg Laboratory 
(www.wlab.gu.se), Gothenburg University and Department of 
Signals and Systems at Chalmers University of Technology, 
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Gothenburg, Sweden) was used for grey scale measurements 
of the aortic valve leaflets (Wendelhag et al., 1997). A paras- 
ternal short-axis still frame with the aortic valve leaflets fully 
closed at end diastole was used. For each patient, a grey scale 
calibration was performed using a sample of the intravascular 
blood pool (avoiding areas of noise) as the black reference 
(score 0) and the brightest part of the pericardium or a cal- 
cium spot within the leaflets, if the pericardium was not visu- 
alized in the image used, as the white reference (score value 
255) (Griffin et al., 2007). A region of interest was manually 
drawn around the aortic valve leaflets, excluding the annulus, 
and grey scale mean (GSMn) of the valve was then automati- 
cally calculated by the AMS program. We used GSMn 
rather than median as valvular calcification may be unevenly 
distributed. 

The same short-axis still frame as used by the grey scale 
software, with the aortic valve leaflets fully closed at end dias- 
tole, was also assessed visually by one observer. The 5-degree 
scoring system is summarized in Table 1 . Calcification was 
defined as bright echogenic spots within a leaflet, while scle- 
rosis was defined as thickened leaflets with no bright echogen- 
ic spots. A single score value from 1 to 5 according to 
Table 1 was assigned to the whole valve (still frame visual 
score, SVS). 

Digitally stored 2D real-time short-axis images of the aortic 
valve leaflets were also assessed visually. Every single aortic 
valve leaflet was given a score, and an average score was 
calculated whether tricuspid or bicuspid valve (real-time 
visual score, RVS). The procedure was repeated by another 
independent investigator. 

Two surgeons operated on all patients in the study and 
described the degree of calcification of the aortic valve leaflets. 
The investigator could scrutinize the appearance of the valve 
in situ and after explantation and explore the roughness, 
thickness and weight of the valve by palpation. A single 
intra-operative score (IOS) for the whole valve was assigned 
following the same scoring system as in the echocardiographic 
assessment (Table 1). The IOS was used as the standard for 



Table 1 Aortic valve calcification scoring system. 



Grade 


Description 


1 


Normal leaflets with no evidence of thickening or 




calcification 


2 


Evidence of thickening (sclerosis) but no evidence of 




calcification 


3 


Calcification (small calcium spot(s) not exceeding 




one-third of the leaflet area) 


4 


Moderate calcification (calcium not exceeding two-thirds 




of the leaflet area) 


5 


Heavily calcified (calcification covering more than 




two-thirds of the leaflet area) 



In real-time visual score (RVS), each leaflet was given a single score, 
and the mean for the valve was calculated. 

In intra-operative score (IOS) and still frame visual score (SVS), the 
whole valve was given a single score. 
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comparison of visual scoring of TTE images as well as GSM of 
the aortic valve. Some examples of the valves from our study 
are shown in Fig. 1. 

Statistical analysis 

All statistical calculations were done using commercially avail- 
able statistics software PASW statistics 17.0.2 by SPSS/lBM, 
Chicago, IL, USA. Descriptive statistics were presented as mean 
and standard deviation if normal distributed. Comparisons and 
correlations between different AVC assessment methods were 
done using Student's t-test, Pearson's and Spearman's rank 
correlation coefficient (r) as applicable. We used Wilcoxon's 
test for paired samples and Mann-Whitney's U-test for 
unpaired samples. P<0-05 was regarded as significant. Pnter- 
and intra-observer variability were analyzed using intraclass 
correlation coefficient (ICC), with values above 0-75 repre- 
senting good correlation and values between 0-4 and 0-75 fair 
reproducibility. 

Results 

Within the study group, 104 patients had bicuspid aortic 
valve, representing 56% of the study population (six of these 
patients were surgically classified as having unicuspid valves). 
Baseline characteristics and echocardiographic measurements 
of the 1 8 S patients studied are summarized in Tables 2 and 3 . 
Patients with predominant AS (n = 109) tended to be older, 
with a median age of 69 years and including more women 
(39%) compared to patients with predominant AR (n = 61) 
with a median age of 58 years and 18% women. 

Patients with bicuspid valves were younger with a median 
age of 62 years versus 70 years in the tricuspid group. The 
median age of the whole study population was 65 years, and 
lesions were categorized into two age groups, group I 
<65 years and group II > 65 years. Baseline characteristics 
for these groups are shown in Table 2. Patients with bicuspid 
valves had more often AS (n = 68, 65%) than AR (n = 25, 
24%). AR as dominating lesion in the bicuspid valve group 
was essentially limited to those below 65 years of age 
(n = 24/25, 96%). The tricuspid valve group showed a more 
equal representation of AS (n = 41) and AR (n = 36). With 
tricuspid valves, in contrast to the bicuspid valve group, AR 
was more evenly distributed below and above the whole 
group's median age (65 years) and AS demanding surgery 



was found mainly after the age of 65 (n = 37/41, 90%). 
Combined AS/ AR was observed less frequently in tricuspid 
valve (n = 1 , 1-2%) than in the bicuspid valve group (n = 7, 
6-7%) with a majority of the lesions requiring surgical inter- 
vention before 65 years of age. A higher percentage of dilated 
aortic root (52%) was observed in the bicuspid valve group, 
reaching up to 72% in bicuspid patients with AR, in compari- 
son with only 30% in the tricuspid valve group and as low as 
7% in tricuspid valves with AS. 

A summary of the correlations between different techniques 
of AVC assessment and IOS as a reference, and between visual 
and GSM assessment of still frames, is shown in Table 4. 
Visual real-time assessment showed a good correlation with 
IOS for the two investigators, and this was confirmed when 
the subgroups of different valve lesions and valve types were 
assessed. On the other hand, visual interpretation of still 
frames showed weaker correlations with the IOS, not 
improved by GSMn. Similar results were noted regarding cor- 
relations between the two still frame-based methods (GSM 
and SVS) and IOS, and these results were unchanged when 
considering the subgroups with AS/ AR and bi/ tricuspid 
valves. 

Observer variability in terms of inter- and intraclass correla- 
tion (ICC) coefficients was for the real-time scoring 0-93 and 
0-93, and for still frame scoring 0-90 and 0-85. 

Discussion 

To our knowledge, this study is the first to evaluate com- 
puter-based versus visual assessment of AVC from echocardio- 
graphic images in comparison with intra operative surgical 
assessment. The intra-operative AVC estimation made by the 
surgeon was regarded as the gold standard in this study. We 
demonstrated that application of cine loops was possible with 
a high inter- and intra-observer reproducibility and improved 
the correlation to surgical findings, in comparison with the 
use of only diastolic still images. While the grey scale evalua- 
tion is less subjective, it was not closer related to the surgical 
score than the visual assessment of corresponding still frames. 

Grey scale measurement software has been successfully used 
for characterization of plaques in the carotid arteries 
(Gronholdt et al., 1998; Griffin et al., 2007; Prahl et al., 2010). 
We used GSMn in contrast to grey scale median commonly 
used for plaque characterization as, in contrast to median, it is 
affected by small calcifications giving high echo reflection. 




Figure 1 Valves from the study: tricuspid mildly thickened valve (a, b) and bicuspid severely calcined valve (c, d). 
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Table 2 Patients characteristics. 



Bicuspid group (n = 104) Tricuspid group (n = 81) 



All patients (n = 185) <6$ years (n = 66) > 65 years (n = 38) <6s years (n = 25) > 65 years (n = 56) 



AS n (%) 


109 (59) 


34 (52) 


34 (89) 


4 (16) 


37 (66) 


AR n (%) 


61 (33) 


24 (36) 


1 (3) 


20 (80) 


16 (28) 


AS/AR n (%) 


8 (4) 


5 (8) 


2 (5) 


0 


1 (2) 


AAD 11 (%) 


7 (4) 


3 (5) 


1 (3) 


1 (4) 


2 (4) 


Females n (%) 


57/185 (31) 


15/6 (23) 


14/3 8 (3 7) 


4/25 (16) 


24/56 (43) 


Weight (kg) 


82 ± 15 


85 ± 14 


77 ± 12 


88 ± 11 


80 ± 17 


Height (cm) 


175 ± 10 


178 ± 9 


173 ± 8 


178 ± 9 


171 ± 11 


BSA (m 2 ) 


1-97 ± 0-2 


2-03 ± 0-18 


1-9 ± 0-17 


2-06 ± 0-15 


1-92 ± 0-23 


Mean age (years) 


63-9 ± 1 1-6 


54-6 ± 8-9 


72-1 ± 4-8 


54-4 ± 8-2 


73-6 ± 5-1 



AAD, aortic aneurysm or dissection; AS, aortic stenosis; AR, aortic regurgitation; BSA, body surface area. 



Table 3 Echocardiographic data. 



Variables 


Bicuspid valve (n 


= 93) 


Tricuspid valve (n 


= 77) 


AS (n = 68) 


AR (n = 25) 


AS (n = 41) 


AR (n = 36) 


Aortic root, ED diameter (mm) 


36-1 ± 5-8 


42-0 ± 6-7 


32-1 ± 4-3 


42 ± 6-9 


Ascending aorta, ED diameter (mm) 


40-4 ± 7-6 


44-6 ± 7-6 


33-8 ± 4-6 


43-4 ± 9-4 


Ascending aorta, ED diameter > 40 mm (n) 


29 (43%) 


18 (72%) 


3 (7%) 


18 (50%) 


LVOT, ES diameter (mm) 


22-8 ± 2-8 


27-4 ± 3-9 


20-8 ± 1-8 


24-4 ± 3-4 


AV area (cm 2 ) 


0-9 ± 0-4 


3-0 ± 1-0 


0-8 ± 0-3 


3-2 ± 1-1 


AV peak gradient (mmHg) 


80-1 ± 31-4 


20-4 ± 14-4 


77-6 ± 19-9 


15-4 ± 8-0 


AV mean gradient mean (mmHg) 


51-1 ± 19-7 


12-0 ± 8-7 


48-9 ± 13-5 


8-0 ± 3-9 


Surgical AVC score (score 1-5) 


4-5 ± 0-7 


2-5 ± 1-1 


4-3 ± 0-9 


1-4 ± 0-6 


Grey scale mean (grey level 0-255) 


78-0 ± 18-2 


44-2 ± 18-8 


91-3 ± 22-1 


34-8 ± 13-5 



AR, aortic regurgitation; AS, aortic stenosis; AV, aortic valve; ED, end diastolic, ES, end systolic, AVC, aortic valve calcification; LVOT, left ventricu- 
lar outflow tract. 



Table 4 Correlations between studied variables. 





Inter observer 


Intra-observer 


RVS 1 versus 


RVS 2 versus 


RVS 1 versus 


RVS 2 versus 


GSMn 1 versus 


SVS 1 versus 




RVS 1 - 2 


RVS 11 


GSMn 


GSMn 


IOS 


IOS 


IOS 


IOS 


Bicuspid 


r = 0-88 


r = 0-89 


r = 0-74 


r = 0-72 


r = 0-78 


r = 0-76 


r = 0-56 


r = 0-57 


Tricuspid 


r = 0-95 


r = 0-96 


r = 0-93 


r = 0-89 


r = 0-83 


r = 0-84 


r = 0-73 


r = 0-72 


All 


r = 0-93 


r = 0-94 


r = 0-84 


r = 0-82 


r = 0-83 


r = 0-82 


r = 0-64 


r = 0-66 



All correlations were significant with P<0-001. 

GSMn, grey scale mean; IOS, intra-operative score; RVS, real-time images visual score; SVS, still frame visual score. 
Index numbers mean observer 1 and observer 2. 



There may be several reasons why, despite GSMn is a more 
continuous and potentially less investigator-dependent mea- 
sure than the visual score, it did not significantly increase the 
agreement with the IOS compared with that of SVS. Even with 
the evaluation of carotid plaque, the major advantage of GSM 
is the user independence and reproducibility, rather than a 
superiority in classification. As a matter of fact, the human 
eye has an excellent ability of pattern recognition used as a 
basis and reference also for recent development of grey scale 
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algorithms (Prahl et al., 2010). Further, GSMn has in common 
with the visual interpretation the fact that the evaluation of a 
still frame does not necessarily mirror the average or full 
extent of calcification. 

With a single stop frame, the visualization of calcified parts 
is dependent on an optimal transection of the leaflets. As the 
calcification process can cause thick irregular chunks as well as 
thin calcified slices, and also calcification at different depth of 
the valve thickness, it is logical that a short-axis ultrasonic still 
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frame cannot represent a complete evaluation of the disease 
process. Thus, in a single image, small calcifications may be 
outside of the imaged plane while clearly visible at some 
point in time during a heart cycle. It was therefore not sur- 
prising that a better correlation to the IOS was obtained by 
visual evaluation of AVC from the moving valve in real-time 
imaging, allowing visualization of all parts of the valve passing 
the interrogation plane during a full heart cycle. In the current 
study, we used the parasternal short-axis view where all leaf- 
lets can be interpreted. Such approach is common (Nucifora 
et al., 2009; Corciu et al., 2010). Although a number of stud- 
ies have applied echocardiographic scoring of AVC, the results 
have mainly been used to evaluate prognostic power (Otto 
et al., 1999; Rosenhek et al., 2000), and the possibility to 
predict, for example, coronary disease (Nucifora et al., 2009; 
Corciu et al., 2010; Pressman et al., 2011) or AR after trans- 
catheter aortic valve implantation (Colli et al., 201 1). Informa- 
tion on the accuracy of echocardiographic evaluation of AVC 
is scarce. Thus, few comparisons exist between echocardio- 
graphic determination of valvular calcification and other 
techniques, although total cardiac calcification scoring by 
ultrasound compares favourably to computer tomography 
(Corciu et al., 2010; Colli et al., 2011). In the scoring system 
developed by Corciu et al., the leaflets were scored separately 
as normal (=0), with enhanced echogenicity (=1) or calcified 
(=2) yielding a total maximum of six for a tricuspid valve. 
This score was developed from the one suggested by Tolstrup 
et al. (2002), which contained S degrees, no thickening (=0), 
reflectance slightly (=1), moderately (=2) increased or gener- 
alized (=3), or marked with thickness >6 mm (=4), while the 
other degrees had less but specified thickening. With this 
scale, grades 0-1 were regarded normal, and 2-4 mildly, 
moderately or severely sclerotic. The highest score given to 
one of the cusps was regarded representative for the degree of 
sclerosis of the valve. These scales were based on the evalua- 
tion of short-axis images and so was also the somewhat 
more simple score by Nucifora et al. (2009) where aortic 
valve sclerosis was denoted absent (=0), mild (=1), moderate 
(=2) or severe (=3). As outlined in Table 1, our scale was 
rather similar, with the wording 'sclerosis' exchanged for 
'calcification'. Moreover, we added 'thickened', presupposing 
that an early stage of thickening would precede calcification 
and be recognizable by the surgeon as well as on echocardiog- 
raphy. This presumption and the feasibility of our scale 
were shown valid in the present study, and the five steps 
turned out to be intuitive and easy to apply for echocardiogra- 
phers and surgeons. Our reproducibility with ultrasound 
scoring was very good and comparable to studies using 
computed tomography and the Agatston score to assess AVC 
(Koos et al., 2004; Messika-Zeitoun et al., 2004; Budoff et al., 
2006). 

Although the prevalence of bicuspid aortic valves in the 
general population is only 1-2%, bicuspid valves are much 
more common, around 20-50%, in patients subjected to 



aortic valve surgery (Turina et al., 1986; Bauer et al., 2007; 
Jackson et al., 2011). Interestingly, our study showed better 
correlation to IOS for tricuspid compared to bicuspid valves 
regarding AVC, particularly regarding interpretation of still 
frames by visual inspection and GSMn evaluation. The expla- 
nation for this is unclear, but a more complex and diverted 
anatomy of the bicuspid valve might be less favourable for 
assessment. Further, the deviant three-dimensional anatomy of 
the bicuspid valve with an echo dense raphe could contribute 
to make the choice of a single representative short-axis image 
more difficult. 

There are some particular strengths and some limitations 
with this study. Our gold standard, the IOS, allows the 
investigator to both scrutinize the appearance and explore the 
roughness and thickness of the valve by palpation, but it is 
semi-quantitative and partly subjective. The use of a similar 
system for IOS and ultrasound interpretation is an advantage. 
Comparison to an absolute measurement of calcium content is 
lacking. Varying ultrasound transmission and sometimes poor 
image quality are limitations in evaluating TTE images. 
However, we did not exclude patients for poor image quality 
to make the comparisons as clinically relevant as possible. 

In conclusion, we find GSMn evaluation as accurate as 
visual grading to determine degree of AVC, and for interpreta- 
tion of still frames, its less subjective nature is an advantage if 
the goal is to, for example, compare longitudinal alteration in 
calcification over time. However, visual evaluation of real- 
time images seems to be closer related to intra operative 
assessment than either GSMn or visual interpretation of still 
frames. Software that is capable of assessing a full real-time 
loop during the specific time when the valve is visible may 
improve the estimation of AVC in a more quantitative way, 
while also being more cumbersome. The applied 5 -grade 
scoring system for assessing AVC is feasible and reproducible 
and can be successfully used to reduce subjectivity in assessing 
AVC. 
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